Abstract: The aim of this study was to assess the production of secondary metabolites of Alternaria species isolated from grape berries and determined the occurrence of Alternaria mycotoxins in vitro and in dried berries. Direct morphological examination on different media was used for identification and HPLC/MS method for quantification of Alternaria mycotoxins. We isolated A. alternata and A. tenuissima and randomly selected strains in vitro and in dried berries. In vitro we identified the production of Alternaria metabolites, included mycotoxins: alternariol, alternariol methylether, tenuazonic acid. Beside that one in dry berries were in measurable concentrations: macrosporin A, tentoxin and altenuete (I, II).
Introduction
The cosmopolitan genus Alternaria contains many species that are saprotrophs or pathogens. They can be found on a broad range of materials and products. Alternaria alternata (Fr. Keissler) is the most common species but it is referred to as an unresolved species group and not as a single species (Barkai-Golan 2008) .
Various species are plant pathogens that cause damage in the field. Different Alternaria spp. was found to be associated with various angiospermic families and caused different diseases like early blight diseases of vegetables or brown spot of tangerines, leaf spot of rough lemon and postharvest black rot of fruit (Logrieco et al. 2003; Logrieco et al. 2009 ). Fungi affect all the aerial parts of the plants: stem, leaves, fruits, pods and heads (Neeraj & Verma 2010) . Alternaria bunch rot was observed in some grape growing areas of Slovakia during summer periods of 2007 and 2008 where the temperatures were on average 2
• C higher than the long-term means. In most vineyards, spread of the disease started in July just before berry-touch and continued until berry ripening. With time, the berries became necrotic and fell from bunches. The disease was caused by A. alternata and caused significant yield losses (Kakalíková et al. 2009 ). Mycotoxins are secondary metabolites of small molecular weight formed by a wide diversity of different moulds. The particular interested is the ability of Alternaria species to produce several secondary metabolites included mycotoxins. Most of them can play an important role in fungal pathogenicity, but there are plant extracts with antifungal properties f.e., against A. alternata (Carvalho et al. 2011) .
As saprotrophs, Alternaria species are important postharvest pathogens of varius food products (fruits, vegetables) and can be a source of many different mycotoxins. A. alternata mycotoxins occurrence has been reported in tomatoes, oranges and lemons (Logrieco et al. 2003) , in olives (Visconti et al. 1986 ) and also in grapes and dried vine fruits (Swart et al. 1995) . This species together with A. tenuissima (Kunze) Wiltshire are producers of alternariol, alternariol methyl ether, altenuene, and altertoxin I. However, only five major toxins of the known 30 are common natural contaminants of consumable goods: the benzopyrene derivatives alternariol, alternariol monomethylether, altenuene, the tetramic acid tenuazonic acid and the perylene derivative altertoxin I (ATX I) (Barkai-Golan 2008) . A. alternata, the most common Alternaria species in harvested fruits and vegetables produce the five major Alternaria toxins and additionally tentoxin, altenuisol, alteniric acid, altenusin and dehydroaltenusin (Bottal-
ico & Logrieco 1998) . The ability of A. alternata to produce several different mycotoxins renders it interesting for mycotoxicologists (Scott et al. 2006) . Nevertheless, other Alternaria species are also able to produce mycotoxins. Alternariol and alternariol monomethylether were found to be produced by A. tenuissima, and other species of Alternaria (Bottalico & Logrieco 1998; Birgitte & Frisvad 2004) .
The aim of the present study was to determine the incidence of toxigenic fungi of Alternaria spp and secondary metabolites in vitro and in dried vine fruits from some geographical regions of Slovakia with special interest in mycotoxins producing by A. alternata and A. tenuissima.
Material and methods

Study area
Three Slovak winemaking regions (Small Carpathians, Region of Nitra, Southern Slovakian -ca 17,000 acres) were chosen based on their climatic differences and national economical importance. Grapes were collected twice during the year (July/September), in 2008 -2009 and sampling according to Mikušová et al. (2010) .
Media for isolation and identification of Alternaria species
From each bunch, 10 berries were randomly selected, cut in half and aseptically plated on Czapek Dox Agar medium (Biomark Laboratories Pune, India), the plates were incubated for 7 days at 25
• C (Pitt & Hocking 1997) . All the fungi and representative strains of the mould found were preserved as a suspension of spores in a 10% glycerol solution and maintained at a constant temperature of -8
• C, in Institute of Botany SAS, Bratislava. The inoculum obtained from suspension of spores was three-point inoculated on media in 9 cm plastic Petri dishes using and incubated on selective identification media: PCA (Potato-carrot agar), Czapek Yeast Autolysate agar (CYA), Yeast extract sucrose agar (YES), and Blakeslee Malt Extract Autolysate agar (MEA).
Fungi identification
Cotton blue with lactophenol was used for microscopic description (the measure and shape of spores, phialides, metulae, rami, stipes). According to microscopic description, and macroscopic characteristics (growth on selective media, colony texture and colour, reverse colour, diffusible colour, exudates droples, sclerotia) and distinguishing mycotoxins production by strains we identified the individual fungi.
Analysis of secondary metabolites
Fungal cultures were extracted by micro-scale extraction (Smedsgaard 1997 ) method based on agar plugs (6 mm). Two agar plugs were cut out of each colony (CYA, YES) from the center and from the edge of the colony. Plugs were placed in a 2 mL Eppendorf, 1 mL solution (chloroform: methanol, 2:1 v/v) was added, vortex for 3-5 min. The extracts were filtered using a PFTE 0.45 µm filter, after the filtration followed drying. After this step, 500 µL solution (acetonitrile : water, 1:1 v/v) was added and used directly for analysis. The HPLC-MS/MS analysis was done on a QTrap 4000 (AB Sciex, Foster City, CA, USA) equipped with a TurboIonSpray electrospray ionization (ESI) source and connected to an Agilent 1100 HPLC (Agilent, Waldbronn, Germany). The separation was done on a 150 × 4.6 mm i.d. Gemini C18 column equipped with a 4 × 3 mm security guard cartridge (all from Phenomenex, Torrance, CA, USA). The chromatographic methods as well as chromatographic and mass spectrometric parameters for 186 of the investigated analytes are as described by Vishwanath et al. (2009) . ESI-MS/MS was performed in the time-scheduled multiple reaction monitoring (MRM) mode both in positive and negative polarities in two separate chromatographic runs per sample by scanning two fragmentation reactions per analyte. The MRM detection window of each analyte was set to its expected retention time ± 30 seconds and ± 60 seconds in the positive and the negative mode, respectively. Confirmation of positive analyte identification was obtained by the acquisition of two MRMs per analyte. In addition, the LC retention time and the intensity ratio of the two MRM transition agreed with the related values of an authentic standard within 0.1 min and 30% rel., respectively.
Berries were also extracted: 5 g berries were mixed by extraction solvent (20 mL) (acetonitril : water : acetic acid, 79:20:1 v/v) and shaken together for one hour. The extracts were filtered using a PFTE (polytetrafluoroethylene) 0.45 µm filter, after the filtration followed drying. After this step, 500 µL solution (acetonitrile: water, 1:1 v/v) was added and used directly for analysis.
Results
A level of contamination of Alternaria species in berries was different in each year and locality. Only two species of this genus were isolated: A. alternata and A. tenuissima. It represented together more than 17% from all isolated fungal strains from berries.
A. alternata was more common and frequently occurred comparing with A. tenuissima. Strains were obtained within monitoring years. A. alternaria was characteristics with clavate or pyriform shape overall conidia, tapering towards the apices, forming a short beak, septating both laterally and longitudinally, with walls smooth to conspicuously roughened. Most distinctive features are namely a production of conidia more or less uniformly above the agar surface in quite lengthy chains in addition larger conidia have both longitudinal and transverse septa. Between MEA and CYA were not observed differences in culture characters, deeply floccose, white to grey brown mycelium with brown to nearly black reverse. When growth on PCA alternating light/night, the striking dimensional sporulation pattern was evident for this species. A. alternata produced conidia in long, branched chains.
From all strains of A. alternata, eight isolates were analysed for Alternaria metabolites production and metabolite profiles were assessed. It was recorded that all strains produced alternariol methyl ether in diferent concentrations, not such a high levels (5.2-89.5 µg/kg −1 ). This metabolite was obtained in a higher amount on YES than on CYA substrate. Alternariol was extracted only from YES medium. Table 1 show that the only one strain, A. alternata isolated in Nitrian region, July 2008, produced altenuete and tenuazonic acid. A. tenuissima was the second isolated species of this genus. The percentage of these species for two years amounting from 1.08 % to 5.26 % from all isolates (100 %). In harvest time in 2009 none of this species was isolated. A. tenuissima is closely related species to A. alternata. It differs by the formation of longer conidia in unbranched chains, borne on short primary conidiophores. Characters of culture on different media were almost the same as in previous species. Strains of A. tenuissima selected for mycotoxin analyses produced alternariol, alternariol methyl ether, tenuazonic acid and altenuete.
In addition, different concentrations of Alternaria metabolites were obtained from dried grape berries. It represented a broader spectrum of metabolites: alternariol, alternariol methyl ether, altenuete, altertoxin I, II, tenuazonic acid, macrosporin A and tentoxin (Table 3). Natural medium is suitable for production of toxins as artificial.
Discussion
The occurrence of Alternaria species associated with grapes is reported in some studies, fungi were identified only in the genera level Alternaria spp. (Serra et al. 2005; Bellí et al. 2006) and confirmed that this species belong to the mycoflora of wine grapes. Significant changes occurred in the incidence of Alternaria spp. at different maturation stages (pea berry, early veraison and harvest).
Alternaria spp. were presented during two monitoring phases and years. A level of contamination of Alternaria species in berries was different in each year and locality.In Slovakia the presence of A. alternata caused significant yield losses (Kakalíková et al. 2009 ). In the neighbouring country, Czech republic, it was isolated also only this species, in two biotype (1, 2) (Ostrý 2007) , our studies shows the presence of two species A. alternata and A. tenuissima. Direct morphological examination on different media of all Alternaria spp. resulted in the same characteristics as obtained by another study; produced conidia in long, branched chains as illustrated by Pitt & Hocking (1997) and Simmons (1999) . According the different growth on different media, the microscopic characteristics and secondary metabolite profile, they were carefully recognised and our work confirmed the presence of two Alternaria species.
Metabolite alternariol methyl ether was produced permanently by all selected strains. Other metabolites, tenuazonic acid, altenuete and alternariol were produced too, but did not clearly demostrated not in mesuarable concentrations. In some works have been reported to produce them (Bottalico & Logrieco 1998) some not (Andersen et al. 2001; Andersen et al. 2002) .
However, it is very important to monitor the occurrence of Alternaria mycotoxins in wine and respectively in wine grapes products. Alternariol and alternariol methyl ether were found in red wine bought in Canada (Scott et al. 2006) .
Detection of Alternaria toxins ranged from 50% of 32 samples of commercial apple juice as is described by Delgado et al. (1996) to sporadic samples of other fruit beverages according to Lau et al. (2003) . An acute toxicosis of humans by Alternaria toxins caused by food supply seems unlikely. But low-level exposure over long terms is an additional serious hazard. Vinas et al. (1992) considered tenuazonic acid as the most important toxic compound produced by Alternaria. Alternariol, alternariol monomethylether, altenuene and altertoxin I are more interesting for their mutagenic potential (Brugger et al. 2006) .
During two years of investigation of Slovakian berries we identified species of genus Alternaria and its metabolites, in addition presented in dried grape berries. These results are potentially danger in the preparation of grape juice that had a history of Slovakia e.g., Vinea Ltd. for children. Similarly Asam et al. (2011) reported that in general fruit juices showed low concentrations of alternariol and alternariol monomethylether, but higher values of both toxins were found in wine and vegetable juices. No other quantifiable concentrations for altenuene in wine, must, grape juice, edible oils, lentils and vegetables were reported (Visconti et al. 1986; Ostrý et al. 2007 ).
The European Commission (EC), in order to enable it to consider the need for possible follow up actions, including filling of the knowledge gaps, asked the European Food Safety Authority (EFSA) to provide a scientific opinion on the risks for public health related to the presence of Alternaria toxins in feed and food.
This study revealed the potential mould for the production of toxins in vine berries grown in Slovakia and the need to monitor the incidence of toxigenic fungi of contaminated plants to ensure the safety of vine product.
